Lentils (Lens culinaris L.) are an important component of the dryland farming systems in the western USA. Optimum nitrogen (N) management can enhance yield and quality of lentils.
INTRODUCTION
Cool season grain legumes, including lentils, are an important component of the dryland farming systems in the western USA. Montana is the principal growing region of lentils in USA with about 38.6% share in the U.S total lentil production (Montana Agricultural Statistics 2014). The inclusion of grain legumes such as lentils in the cropping system offers numerous economic and agronomic benefits to the growers (Ito et al., 2015; Haque and Lupwayi, 2000; Miller et al., 2002; Chen et al. 2012) 
. Biological nitrogen (N) fixation
A c c e p t e d M a n u s c r i p t 3 (Herridge et al., 2008) , water preservation (Miller et al., 2002) , decreased risk of particular cereal diseases (Yunusa and Rashid, 2007) , suppressed wheat-competitive weed populations (Buhler et al., 2001) , and increased soil microbial activity and biomass (Alvey et al., 2003) are among the important benefits that grain legumes offer to the system. Similar to other legume crops, lentils are able to attain a part of their N requirements through symbiotic fixation of atmospheric N (N 2 ), the extent of which highly depends on the environmental conditions (Van Kessel and Hartley 2000) . Nevertheless, appropriate N management through application of effective rhizobia inoculants and starter fertilizer can optimize and incentivize grain legume production (Salvagiotti et al. 2008; Huang et al., 2016) .
The majority of the growers in Montana, use seed or soil applied commercial rhizobia inoculants at the time of lentil seeding whereas no N fertilizer is usually used. Due to the lag phase between rhizobial root colonization infection and the onset of biological N fixation (Van Kessel and Hartley 2000) , the young lentil plants may require a small amount of external N to attain a sufficient vegetative growth. On the other hand, inappropriate use of starter N can interfere with seedling emergence and biological N fixation. If soil N is high, legumes preferentially use N from soil than taking N from the atmosphere due to a lower energy cost for the crop to take up N from the soil (Graham and Chatel, 1983 ).
In our earlier effort, we found that when initial soil N was low, application of starter N increased dry pea yield in central Montana (Huang et al., 2016) . McKenzie et al. (2001) also A c c e p t e d M a n u s c r i p t 4 found that when spring soil to 30 cm depth has less than 20 kg N ha -1 nitrate nitrogen (NO 3 -N), application of starter N fertilizer increased pea yield at 33% of their trials by an average of 11%. Gan et al. (2005) reported that lentil seed inoculation with rhizobium bacteria increased seed yield by 15% on silt loam soils and 70% on the heavy clay soils in the semiarid Canadian prairies. They also found that application of starter N (15 kg ha -1 ) increased seed yield by 13% for lentil grown on the heavy clay, but there was no effect on the silt loam. Little is known about N management for lentil in rain-fed condition of Montana.
Nitrogen availability especially at late growing stage also plays an important role in protein concentration in seeds of legume crops. It has been shown that insufficient N availability during grain filling can cause a reduction in grain N and protein concentration in legume like peas (Holl and Vose 1980) . On the other hand, some researchers noticed that high N availability during grain-filling can stimulate legumes vegetative growth at the expenses of HI and grain yield (Zakeri and Bueckert, 2015) . Therefore, optimal N management can increase the quality (protein content) of the product without sacrificing the yield.
Slow-release nitrogen fertilizers release N gradually and supply the higher amount of N at later growth stages. Environmentally safe nitrogen or ESN® (44% N; Agrium Inc., Calgary, Canada) is a polymer coated urea that releases N slowly. This fertilizer has been applied successfully in production of a diversity of crops. The effect of ESN on grain legumes has received insufficient attention yet. In our previous experiments, we noticed beneficial effect A c c e p t e d M a n u s c r i p t 5 of ESN compared to regular urea on pea production (Huang et al., 2016) .
In this study, we evaluated the response of lentil plants to commercial rhizobia inoculant and application of starter N fertilizer (urea vs. ESN) in field and a controlled greenhouse environment. We hypothesized that application of ESN as a starter N can increase yield and protein content in lentils.
MATERIALS AND METHODS

Field Study
Field trials were conducted at two sites in central Montana ( When plants matured (August), a plot combine was used to harvest the lentil seeds. After A c c e p t e d M a n u s c r i p t 7 cleaning, seed weight and moisture content was determined. Grain yields reported herein are adjusted to 13% (w/w) moisture content .
Greenhouse Study
The greenhouse study was conducted at the EARC Research and Education Greenhouse of Treatments were similar to the field trials (equivalent to the four levels of starter N treatments in the field study, i.e., 0N, 22 U (22 kg N ha -1 in the form of urea), 22 ESN (22 kg N ha -1 in the form of ESN), and 22 U + 22 ESN) and rhizobia inoculation (with and without rhizobia inoculant) and arranged as factorial in a randomized complete block design with 12 replicates (the amount of fertilizer used were calculated based on soil weight per unit area). All pots received equal watering throughout the lentil life cycle in order to prevent drought stress.
Cultivar Richlea was also used for the greenhouse study. Seeds were sown on October 1, Twenty five seeds were planted to 3 cm depth in each pot and uniform watering was given to ensure good germination and establishment. After full establishment, five plants in each pot were removed and 20 seedlings were kept at each pot. At seven-leaf stage, four replications (pots) from each treatment were randomly selected and plants were uprooted, then plant biomass was determined (after drying at 65 °C).
At full-bloom stage, another four replicates (pots) from each treatment were selected for destructive sampling. Plant biomass, root and shoot length, and nodule plant -1 was determined. Nitrogen concentration in whole plant was also determined by Duma combustion using a Perkin Elmer Series Nitrogen Analyzer (Frederic 1963) A c c e p t e d M a n u s c r i p t 9
Data Analysis
Data was subject to Analysis of variance (ANOVA) using Proc Mixed of SAS. Means were separated using Fisher's LSD test at P<0.05.
RESULTS AND DISSCUSSION
Field Study
Effects of starter N fertilizer and rhizobia inoculant on lentil grain yield at two locations in 2012 are shown in Table 2 . At CARC, which had the previous history of lentil, yield was 1216 (averaged over all treatments) which is slightly lower than the yield obtained from SG farm (1420 kg ha -1 ). It could be due to variation in soil characteristics as well as higher pressure of pest at CARC due to previous history of the crop in that land. Neither rhizobia inoculant, nor starter N showed significant influence on lentil grain yield. Application of rhizobia inoculant increased lentil grain yield slightly which was not statistically significant at P=0.05 level. It seems that in this rain-fed system, lentil yield was mostly limited by moisture availability rather than nutrient availability. Therefore, soil N content was sufficient to support moisture-limited growth and development of lentil and extra N did not contribute to any further boost of yield.
A c c e p t e d M a n u s c r i p t
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Greenhouse Study
Some characteristics of lentil plants responded to the experimental treatments in the greenhouse study (Table 3 and Table 4 ). Treating seeds with rhizobium significantly increased root length (from 18 to 20 cm), nodule number on plant root (from 0.93 to 2.49 nodule plant-1), and plant biomass (from 182 to 228 mg) at full bloom stage (Table 3) . Except protein content, which responded positively to the application of starter N, other variables did not respond to N application. However, not a significant difference was found among the fertilizers in this regard.
Neither yield nor yield components were affected by rhizobium inoculation or starter N (Table 4) . However, grain protein responded significantly to the experimental treatments.
Application of rhizobium inoculant significantly enhanced grain protein content at harvest.
Grain protein in non-inoculated crops was 26.7%, whereas grains of rhizobium-inoculated crops contained 28.9% protein. Application of starter N was also associated with higher protein content in grains and straws. In the absence of rhizobium inoculant, the greatest protein content was obtained from urea treatment (28.1%) whereas in the presence of rhizobium inoculant, U+ESN produced the highest protein content (30.9%). Compared to the control, application of rhizobium plus U+ESN enhanced protein content by about 34% which is very notable. The protein content in pulse crops highly affects their food and feed A c c e p t e d M a n u s c r i p t 11 utilizations. Lentil has long been recognized as an excellent source of protein in the human diet and livestock consumption and increment in their protein content can increase their marketability. However, since nitrogen management did not influence yield, its effect on protein may not be economically justified yet. Moreover, although the application of U+ESN fertilizer significantly magnifies protein content, the soil residual NO 3 -N in this treatment was also very high which will be highly prone to leaching in the shallow soil and polluting the ground water resources.
More efforts are needed to enhance yield and protein simultaneously while considering the environmental protection.
CONCLUSION
The results of the current study indicated that lentil did not respond appreciably to N management (rhizobia inoculation and application of starter N). Both of these treatments, however, enhanced grain protein concentration. More efforts are needed to enhance yield and protein simultaneously while considering the environmental protection. A c c e p t e d M a n u s c r i p t 18 A c c e p t e d M a n u s c r i p t 
